The study was carried out on three 4-month old female pigs. All the animals were deeply anesthetized and transcardially perfused with 4% buffered paraformaldehyde (pH 7.4). Vestibular ganglia (VG) were collected and processed for double-labelling immunofluorescence method. The preparations were examined under the Zeiss LSM 710 confocal microscope equipped with adequate filter blocks.
Introduction
, gerbil (Perachio and Kevetter 1985) , cat (Richter and Spoendlin 1981) , rhesus monkey (Kitamura and Suzuki 1989) . Recent studies have revealed the existence of the population of multipolar neurons within VG in the rat (Yamashita and Sekitani 1990) , guinea pig (Ballantyne and Engstrom 1969), cat (Chat and Sans 1979) and humans Belal, Jr. 1981, Kitamura and Kimura 1983) . The literature in the field contains only a few papers dealing with the immunohistochemical features of VG neurons from chick and rat embryos cultured nerve cells Sekitani 1990, Yamashita et al. 1991) in adult mouse (Inafuku et al. 2000 , Tritto et al. 2009 ), guinea pig (Yamashita et al. 1992) , gerbil (Kevetter and Leonard 2002) , chinchilla (Iurato et al. 1974) , pigeon (Li et al. 2007 ) and in humans . These studies have revealed the presence of some different neurotransmitter substances within VG neurons.
The population of SP-positive neurons was described in rat and chick embryos cultured cells (Yamashita et al. 1991) in adult guinea pig (Usami et al. 1991 , Jin 1992 , Usami et al. 1993 ) and also in humans Felix 1995, Felix et al. 1996) . In the guinea pig, this population constituted 85% of VG neurons (Usami et al. 1993 ). Moreover, above 35% of neurons within VG in guinea were NFP (neurofilament protein) -immunoreactive and some of them were also SP-positive (Usami et al. 1993) . Surprisingly, no CGRP-immunoreactivity in VG neurons was found in humans (Popper et al. 2002a ) and in the rat (Wackym et al. 1993 ) but only unmyelinated CGRP-immunoreactive nerve fibers passed among the primary afferent fibers through the VG to the epithelium of the vestibular end organs originating from CGRP-positive neurons located in vestibular nuclei in the brainstem (Chi et al. 2007) .
Immunohistochemical studies have revealed the presence of the population of cholinergic neurons within VG in the rat (Yamashita and Sekitani 1990) , chick embryo Sekitani 1990, Yamashita et al. 1991 ) adult rat (Wicke et al. 1976 ), squirrel monkey (Baurle et al. 1999) , chinchilla (Iurato et al. 1974 ) and humans (Popper et al. 2002a) . The histochemical studies performed on rats (Wicke et al. 1976 ) have revealed the three types of cholinergic neurons: weakly, medium and strongly stained.
Also the presence of two isoforms (eNOS and nNOS) of nitric oxide synthase has been reported in vestibular ganglion cells of the mice (Hess et al. 1998) and guinea pig (Takumida and Anniko 1998) but no precise data regarding the number of the neurons have been provided. The large (49%) population of NPY-immunoreactive nerve cells within VG has been found in the guinea pig (Lin et al. 2010 ).
In the rat, the presence of GAL-positive neuronal somata within VG and GAL-immunoreactive receptors on the hair cells have been observed, which indicates a interaction between vestibular hair cells and vestibular afferent neurons (Popper et al. 2007) .
As judged from the above literature, the data regarding immunohistochemical features of VG neurons are very limited and have been obtained in birds, laboratory animals and humans, but there is no such information regarding large domestic animals, in this number also the pig. Therefore, this study was aimed at investigating the chemical coding of nerve structures in the porcine VG.
Materials and Methods
The study was carried out on three 4-month-old female pigs of the Polish Landrace breed, weighing 40-45 kg each. The animals were housed and treated in accordance with the rules approved by the local Ethics Commission (affiliated to the National Ethics Commission for Animal Experimentation, Polish Ministry of Science and Higher Education). All the animals were pre-treated with Propionylpromasine (Combelen, Bayer, Germany; 0.4 mg/kg of b.w. i.m.) 30 min before the main anesthetic, Pentobarbital (Vetbutal, Biowet, Poland; 25 mg/kg of b.w.), was given intravenously. Then, they were transcardially perfused with 0.5 l of preperfusion solution containing 0.9% sodium chloride (Chemia, Gliwice, Poland), 2.5% polyvinylpyrolidone (Sigma, Deisenhofen, Germany), 0.5% procaine hydrochloride (Polfa, Warsaw, Poland) , and 20 000 IU of heparin (Heparinum; Polfa; added extempore), followed by 8-10 l of 4% ice-cold buffered paraformaldehyde (pH 7.4), and VG were collected. The tissues collected were postfixed by immersion in the same fixative for 30 min., rinsed with phosphate buffer (pH 7.4), and transferred to and stored in 18% buffered sucrose solution (pH 7.4) until further processing.
The ganglia were cut into 12-μm-thick cryostat sections, which were processed for the double-immunofluorescence method on slide-mounted sections. The sections were washed for 3 times for 10 min. in PB, incubated 45 min. in 10% normal horse serum (NHS, Cappel, Warsaw, Poland) in PBS containing 0.25% Triton X-100 (Sigma, St. Louis, MO, USA), and then incubated overnight at room temperature (RT) with mixture of antibodies (Table 1 ) diluted in PB containing 1% normal swine serum (NSS) and 0.25% Triton X-100. After incubation with primary antisera, the sections were washed for 3 times for 10 min. in PB, and further incubated with secondary antisera for 1 hour at RT. After incubation, the sec- tions were washed for 3 times for 10 min. in PB and cover slipped with buffered glycerol. Control of specificity of staining was performed by pre-absorption of a diluted antiserum with 20 ng/ml of an appropriate antigen (besides VACHT), which abolished the specific immunoreaction completely. In addition, experiments were carried out in which the primary antiserum was replaced by non-immune serum, or by PBS, to verify the specificity of particular immunoreactions. Preparations were studied, photographed and neurones were measured with a confocal microscope Zeiss LSM 700. Counting of neurons: to determinate percentages of particular neuronal populations, at least 300 of neuronal profiles investigated for each combination of antisera were counted. The sections were collected from different, representative regions of the ganglion (from they upper, middle and lower one-third). To avoid double-counting of the same neurons, appropriate distance (minimum 6 sections = 70 μm) between the sections was maintained. The number of immunolabelled profiles was calculated as a percentage of immunoreactive neurons in regard to all (PGP 9.5-positive) perikarya counted. The data obtained were statistically analyzed. All the results are expressed as means ± SEM. Statistical analysis was carried out in columns using GraphPad Prism v. 2.0 computer program (GraphPad Software Inc.).
Results
Neurons forming the VG were round or oval in shape with a round or oval nucleus located in the cell center. Over half of them 58% (58.33 ± 2.0) were medium sized (31-50 μm), 28% (27.67 ± 2.6) were small (20-30 μm) and 14% (13.67 ± 2.4) were above the 50 μm in diameter (large neurons) (Diagram 1). Double labeling immunocytochemistry revealed that all VG neurons contained immunoreactivity to PGP 9.5. Approximately 81% of them were CGRP-immunoreactive ( Fig. 1) (Diagram 2) . Moreover, among CGRP-immunoreactive (Fig. 1) neurons 70.5% were medium, 26.2% were small and 3.3% were large sized. The investigation revealed also numerous intraganglionic CGRP-positive nerve fibers. SP (Fig. 2) or nNOS (Fig. 4) were expressed by 12% of VG perikarya. SP-positive neurons represented three size categories. Sixty nine percent of them were medium sized, 25% belonged to the population of small perikarya, and 6% were large neurons. nNOS-positive nerve cell bodies represented only two size categories, namely half of them belonged to the population of small neurons and the remaining cells were medium in size. Only solitary SP-and NOS-immunoreactive intraganglionic nerve fibers were observed. Approximately 57% of neurons were cholinergic in nature (VACHT-IR). The population of cholinergic nerve cell bodies (Fig. 3) consisted of 63%, 24% and 13% medium, small and large in size neurons, respectively. Intraganglionic nerve fibers immunoreactive to VACHT were only single. NPY-immunoreactivity (Fig. 5 ) was present in 15% of all VG neurons. It was found that 67% of NPY+ neurons were of medium size, 20% belonged to the subset of small perikarya, and 13% represented large nerve cell bodies. GAL-immunoreactivity (Fig. 6 ) was found in 15% of all VG neurons. Among galaninergic neurons, 74% were medium in size, 21% represented subpopulation of small neurons, whereas only 5% belonged to the class of large nerve cells. VIP-immunoreactivity ( Fig. 7) was present in 20% of all VG neurons, among them 88% were medium in size, 6% were small and 6% represented large neurons. Met-Enk-immunoreactivity (Fig. 8) was expressed by approx. 25% of all the neurons and numerous intraganglionic Met-Enk-immnoreactive nerve fibers were found. Among all Met-Enk-positive perikarya 60% were medium size, 12% were small and 28% were large size neurons. 
Discussion
The present study has revealed that vast majority of VG neurons (82%) displayed immunoreactivity for CGRP. This observation differs from results obtained in the rat (Wackym et al. 1993 ) and humans (Popper et al. 2002a) . In these species VG contain no CGRP-positive neurons, but numerous unmyelinated CGRP-immunoreactive nerve fibers have been observed. The authors of these studies have suggested that these fibers only pass among the primary afferent fibers within the ganglion to reach the target structures -subepithelial regions of vestibular endorgans. All the CGRP-positive fibers were also CHAT-immunoreactive and were classified as efferent fibers originating from the vestibular nuclei. In our study only single cholinergic intraganglionic nerve fibers were found while CGRP-immunoreactive nerve terminals were most abundant. It was also found that only 12% of VG neurons were SP-positive. Our findings do not corroborate previous data regarding the presence of SP-immunoreactive neurons in a population of VG neurons. It has been reported that over 85% of VG neurons in the guinea pig were SP-positive (Usami et al. 1993 ), thus we can observe an inverse relation regarding the population of CGRP-and SP-immunoreactive neurons within porcine and other species VG. Our study has revealed the large population of CGRP-positive neurons within VG whereas in other species no CGRP-immunoreactive cells were found (Popper et al. 2002a ). These species dependent differences could be explained by the different roles played by both neurotransmitters in the pig and in other species. Probably in the pig CGRP plays a role of a major neurotransmitter whereas SP has only a supporting role in sensory transmission.
Another large (nearly 57%) subpopulation shown in the present investigation are VACHT-immunoreactive neurons. Cholinergic neurons were previously described in VG in some animal species and also in humans (Iurato et al. 1974 , Wicke et al. 1976 , Popper et al. 2002a . Unfortunately, no precise data regarding the number of cholinergic neurons are pro- vided in these reports, but the authors of the paper dealing with the role of CHAT in primary afferent neurons of the vestibular system have suggested that acetylcholine may be involved in modulation or co-transmission in conducting of static stimuli (Baurle et al. 1999) . It was also mentioned in a previous paper (Tata et al. 2004 ) that VACHT can play an important role in the communication between neurons within sensory ganglia. The presence of two isoforms of nitric oxide synthase: eNOS and nNOS in neurons and nerve fibers within VG has been previously described in the mouse (Hess et al. 1998 ) and guinea pig (Takumida and Anniko 1998) but there is no information regarding a number of these cells. However, the present study has revealed that more than 12% of VG neurons contain nNOS-immunoreactivity and also single nNOS-positive intraganglionic nerve fibers were found. It is known that NO significantly contributes to the basal discharge and response of afferent fibers to mechanical stimuli of the vestibular afferent fibers and probably participates in the sensory coding and adaptative changes of the vestibular input in normal and pathological conditions (Flores et al. 1996 , Flores et al. 2001 . Thus it can be assumed that in the pig NOS-positive neurons play a role in conducting stimuli from the vestibular end organs.
In primary afferents neuropeptide Y plays a modulatory role in processing nociceptive information. Studies on cultured sensory neurons from mouse DRG showed inhibitory function of NPY in anterograde and retrograde neuronal transport (Hiruma et al. 2002 ). An increase of NPY-immunoreactivity within DRG was found after peripheral nerve injuries of primary afferents in the rat (Wakisaka et al. 1992 ). Studies dealing with NPY and SP expression level in the guinea pig have revealed a decrease in the number of NPY-immunoreactive neurons in VG after gentamycin treatment (Lin et al. 2010) . Until now, the presence of the NPY-immunoreactive neurons within VG in normal condition was reported only in the guinea pig (Lin et al. 2010) . Over a half of all guinea pig VG neurons expressed NPY while our study has revealed over 15% of NPY-positive neurons located in the porcine vestibular ganglion. Our findings differ from those described above, but this discrepancy is probably result of interspecies differences.
The presence of μ and δ opioid receptors in VG neurons was described by (Popper et al. 2002b ). The μ opioid receptors play a regulatory role in the activity of vestibular afferent neurons, mediating an excitatory, postsynaptic modulatory input to these nerve cells (Vega and Soto 2003) . In the present study, more than 25% of neurons within VG displayed immunoreactivity to Met-Enk and also very numerous intraganglionic nerve fibers expressing this peptide was observed. The population of neurons containing Met-Enk m-RNA was also reported in the nodosal ganglion of the rat (Czyzyk-Krzeska et al. 1991) .
The available literature contains only a few reports regarding the presence of GAL-positive neurons in sensory ganglia including mammalian trigeminal ganglion (Lazarov 2002) , dorsal root ganglia (Ch'ng et al. 1985 , Landry et al. 2003 , porcine nodose ganglion (Philippe et al. 1990) and also in rat nodosal and petrosal ganglion (Calingasan and Ritter 1992 , Ichikawa and Helke 1993 , Zhuo et al. 1997 . Until now, no evidence for the presence of galaninergic neurons within vestibular ganglion has been provided. The present study has revealed that over 20% of all VG neurons expressed GAL. It seems to be possible that GAL in porcine VG neurons has a similar role to that mentioned in some previous papers, suggesting that galaninergic DRG neurons in the rat and humans play a role in processing of pain information (Zhang et al. 1998 , Landry et al. 2003 .
In the pig, over 20% of all VG neurons expressed vasoactive intestinal peptide and this is the first paper reporting VIP-immunoreactivity within VG. Previously, VIP-positive sensory neurons were described in horse and porcine dorsal root ganglia (Merighi et al. 1990 ) and also some VIP-immunoreactive neurons were found in the nodose and petrosal ganglion of the rat (Helke and Hill 1988 , Helke and Rabchevsky 1991 , Zhuo et al. 1997 ).
In conclusion, the present study has revealed the chemical coding of nerve structures located in the porcine vestibular ganglion by immunohistochemistry. It should be mentioned that this is the first report dealing with immunohistochemical properties of Scarpa's ganglion nerve structures in large domestic animal species. The results obtained suggest the existence of profound differences in the chemical coding of vestibular ganglion neurons between the pig and small laboratory animals, and humans.
